classic discipline should be integrated in modern curricula, so we don't have to reinvent the wheel, and actively expanded upon. Third, against this background, basic descriptive observations from comparative surveys of extant and extinct biotas can provide fresh, novel insights into the evolution of plant form. We would be ill-advised to not perpetuate (and by that I mean, continue funding) such endeavors.
In praising Swedish paleontologist E.A. Stensiö 's detailed reconstruction of cranial anatomy in Cephalaspis, S.J. Gould [17] sang an incisive paean to the contribution of observational data in the big picture of science. The enormous body of information produced by paleontologists over two centuries is a testament to this. Recognizing these contributions, John Maynard Smith was famously welcoming of paleontology at the 'high table' of evolutionary biology [18, 19] . At the time, the focus was on integrating paleontological data with the tenets of 'Modern Synthesis', in a macroevolutionary outlook. Evolutionary developmental biology was still seeking a distinct identity among modern approaches to evolution. However, once evo-devo staked its territory, it didn't take long for paleontology to be regarded as an equal contributor to evolutionary questions -although this may be a matter of perspective and some may beg to differ.
Nevertheless, it is hardly a matter of perspective that, on the botanical side, paleobotanists have been working singlehandedly to integrate the fossil record into the evo-devo perspective [15] . It is, therefore, both gratifying and exhilarating to see established plant molecular biologists not only emphasizing the importance of the fossil record, but querying it in search of answers. What a nice way to spell the welcome of paleobotany at the high [3, 4] , whereas NOD2 senses muramyl-dipeptide (MDP), a PGN motif ubiquitously distributed in bacteria [5, 6] . Ligand sensing is thought to trigger a conformational change in the NOD1 and NOD2 proteins, leading to selfoligomerization and recruitment of the downstream adaptor, receptorinteracting protein 2 (RIPK2, also called RIP2 and RICK). Activation of NOD1 or NOD2 drives innate inflammatory responses that are dependent on the activation of nuclear factor-kB (NF-kB) and mitogen-activated protein kinase (MAPK) pathways. Several E3 ubiquitin ligases are involved in the regulation of NOD1/NOD2 signaling, including cellular inhibitor of apoptosis 1 (cIAP1), cIAP2 [7] , ITCH [8] , Pellino3 [9] , TNF-receptorassociated factor 2 (TRAF2) [10] , TRAF4 [11] and TRAF5 [10] . These E3 ligases bind and K63-polyubiquitinate RIPK2, which mediates recruitment of TGFb-activated kinase 1 (TAK1), leading to the activation of NF-kB ( Figure 1 ). However, evidence for a PGN-independent pathway of NOD1 and NOD2 activation was lacking. A new study by KeestraGounder et al. [12] , recently published in Nature, links endoplasmic reticulum (ER) stress to the transcriptional activation of the pro-inflammatory cytokine interleukin-6 (IL-6) via NOD1/ NOD2 signaling, independently of PGN stimulation. The ER is an essential organelle in eukaryotic cells that regulates several cellular events, including calcium storage and release, as well as the traffic of proteins destined to be secreted or sorted to other organelles [13] . Multiple insults that cause ER stress, including accumulation of unfolded or misfolded proteins and infection with viruses and intracellular bacteria, can induce the unfolded protein response (UPR), a protective response that limits cellular damage caused by ER stress [13] . The UPR involves activation of three ER transmembrane receptors: protein kinase RNA-like endoplasmic reticulum kinase (PERK), activating transcription factor 6 (ATF6) and inositol-requiring enzyme 1 (IRE1a) [13] . The cytoplasmic region of IRE1a recruits TRAF2, which, in turn, couples plasma membrane receptors to the activation of Jun N-terminal kinase (JNK) and NF-kB [13] . In the new work, the authors demonstrate that the ER-stress inducers thapsigargin and dithiothreitol trigger the synthesis of IL-6 in a NOD1/ NOD2-dependent manner [12] . Additionally, in vivo experiments performed by the authors confirmed these in vitro observations, by showing that systemic pro-inflammatory responses induced by thapsigargin administration were blunted in Nod1
Nod2
-/-mice [12] . The physiological relevance of these findings was determined using experiments in which macrophages and mice were infected with Brucella abortus, an intracellular bacterium that induces ER stress and can cause acute placentitis and abortion in pregnant cows [14] . B. abortus induces an inflammatory response, which is largely triggered by a type IV secretion system that injects effector proteins, including VceC, from the bacterium into the host-cell cytosol [15, 16] . In the cytosol, VceC translocates to the ER where it interacts with the chaperone BiP and induces IRE1a-dependent production of IL-6 [17] . Notably, intraperitoneal injection of mice with B. abortus resulted in proinflammatory responses that were blunted in the absence of VceC and reduced by treatment with the ER-stress inhibitor TUDCA and the IRE1a inhibitor KIRA6 [12] . Furthermore, VceC-induced IL-6 production was reduced in Nod1 -/-Nod2 -/-macrophages and
with wild-type B. abortus, but not with a vceC mutant [12] . Collectively, these results suggest that B. abortus, and more specifically, VceC, triggers IL-6 production via ER stress and NOD1/ NOD2 signaling. The observations made by KeestraGounder et al. [12] are novel in that they provide evidence for the activation of NOD1 and NOD2 independently of their canonical PGN-derived ligands, as well [18] , which is inconsistent with the findings by Keestra-Gounder et al. [12] . The reason for the difference between these results remains unclear. However, in agreement with the data from Keestra-Gounder et al. [12] , previous studies also showed similar pathogen loads in the spleens of Nod1
-/-mice compared with wild-type mice after intraperitoneal B. abortus infection [18] . More importantly, KeestraGounder et al. [12] demonstrated that pregnant Nod1
-/-mice infected with B. abortus had lower levels of IL-6 in the placenta, which was associated with reduced severity of placentitis and increased pup viability compared with wild-type mice [12] . These results suggest that activation of the NOD1/NOD2-dependent pro-inflammatory pathway by the UPR contributes to abortion during B. abortus infection. The study by Keestra-Gounder et al. [12] presents a sound argument that IL-6 production induced by ER stress is mediated through a NOD1/NOD2-dependent, TUDCA/KIRA6-sensitive pathway that is distinct from the ERstress-independent NOD1/NOD2 pathway triggered by PGN fragments. However, it remains unclear how TRAF2 interacts with NOD1 and NOD2 in response to infection and whether ERstress-induced NOD1/NOD2 signaling is important in other contexts besides infection. For example, ER stress may contribute to the pathogenesis of inflammatory diseases such as Crohn's disease (CD), and polymorphisms in NOD2 are the strongest known genetic risk factors in the development of CD. Furthermore, NOD2 has been recently recognized to be involved in the autophagy pathway via an interaction with the autophagy related 16-like 1 (ATG16L1) protein [19] , which has also been implicated in the pathogenesis of CD. Notably, new evidence has linked the UPR and autophagy in Paneth cells to the development of CD-like transmural ileitis [20] . The study by KeestraGounder et al. [12] suggests a role for NOD2 as a positive modulator of ERstress-induced inflammatory responses, whereas ATG16L1 mitigates the cellular ER-stress response [20] . A likely explanation for the opposite roles of these two CD-associated proteins on ER-stress-induced responses is that the NOD2-dependent ER-related response is PGN independent and distinct from the bacteria-induced autophagy pathway. Further studies are required to define the molecular details of the interactions between ER stress and NOD1/NOD2 activation and the role of this newly described signaling pathway in host defense and inflammatory diseases.
Phytoplankton and the viruses that infect them are locked in an evolutionary arms race, the nature of which is presently being revealed. A new study shows that cyanophage-mediated inhibition of CO 2 fixation enables the phages to recruit photosynthetically formed redox and ATP to fulfill their nucleotide and metabolic demand.
Although phytoplankton biomass is less than 0.5% of the total mass in photosynthetic organisms worldwide, they contribute approximately half of the global productivity due to their fast turnover, thus driving the aquatic food web and serving as a major sink of atmospheric CO 2 . The finding, over 25 years ago, that viruses are very abundant in the marine environment initiated intensive studies on their biological roles and interactions with hosts, including lysis and the demise of large-scale algal blooms and potential involvement in geochemical cycles [1] [2] [3] [4] [5] [6] . Clearly, these viruses exert a profound impact on their hosts -prokaryotes and eukaryotes -and constitute a major evolutionary driving force in the host genome, promoting lateral gene transfer as well as genomic rearrangements [5, 7, 8] . As a consequence of their high abundance and rates of infection, these viruses, by inducing cell lysis, also cause largescale release of dissolved organic matter, thus promoting marine microbial activity and modulating global biogeochemical cycles [3] .
In the earlier phase of cyanophage research, when genes encoding the photosystem II (PSII) reaction center were found in phage genomes [9] and shown to be expressed [10] , the accepted explanation was that these genes help cells to fortify their energy and redox production in order to fulfill the demands of developing viruses. Subsequent research, particularly using large-scale metagenomic analyses, revealed a high prevalence of viral-encoded auxiliary metabolic genes (AMGs) often encoding critical, rate-limiting steps of host metabolism. AMGs include genes involved in photosystem I, the pentose phosphate pathway, phosphate acquisition, sulfur metabolism, and sphingolipid, rhodopsin and DNA/RNA processing (see [7, [11] [12] [13] [14] and references therein). Metagenomic analyses strongly support the notion that viral auxiliary genes promote viral replication through both degradation of host DNA and RNA as well as a shift in the host metabolism towards nucleotide biosynthesis [15] . It is proposed that these 'accessory' genes enable viruses to boost certain aspects of host metabolism, thereby promoting viral propagation. Although a wealth of marine microbial genomic resources is now available, a fundamental understanding of the biochemical characteristics of these virally encoded metabolic genes is only just emerging, and their functional role in rewiring host metabolism and harnessing it for viral replication remains poorly understood.
A new study by Puxty and colleagues [16] , in this issue of Current Biology, now shows, for the first time, that infection of Synechococcus WH7803, an abundant group of marine cyanobacteria, with two different cyanophages (S-RSM4 and S-PM2d; Figure 1 ), severely inhibited CO 2 fixation. The inhibition occurred within 2-4 h, early in the latent period of the viruses (12-14 h) .
In contrast, variable fluorescencea parameter used to measure PSII activity -was not affected by cyanophage infection. Inhibition of the Calvin-Benson-Bassham (CBB) cycle (through which CO 2 fixation takes place) after infection with phages bearing a gene encoding CP12 was proposed in the seminal study of Thompson and
